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Abstract 
The surface roughness, which is one of the important characteristics of a strip on texture rolling was predicted. The texture 
rolling is to transfer the roughness on the strip by rolling with a roll that is applied to the textured surface. For the prediction of 
surface roughness, up to now the roughness prediction method has mainly been studied by experimental approaches. Aims of 
this paper is establishment of a prediction method for the surface roughness by means of numerical simulation. For prediction 
of the profile of the printed texture on a strip by rolling, it is important to understand themicroscopic metal flow on the surface 
during the rolling. However, it is difficult to clarify a 3D metal flow on the surface. Therefore, as a first step, an experimental 
study was carried out on a patterned 2D textured surface, in order to compare with the numerical simulation. These 
experimental results and predicted results for the transcribed profiles are in good agreement with each other. Moreover, these 
printed textures by rolling process are similar to those by simple compression process. From these results, the 2D printed 
texture is mainly caused by simple compression mode. Moreover, there is a minor effect caused by the rolling process, and the 
height of the transcribed profile at the delivery side is higher than at the entry side for the 2D printed texture. 
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1. Introduction  
The surface property is one of the most important characteristics in strip rolling. The texture rolling is to transfer 
the roughness on the strip by rolling with a textured roll (Fig. 1). On previous many studies, the surface property 
has been discussed as the average roughness. As for the rolled surface texturing process, it has also been discussed 
in terms of surface parameters such as the average surface roughness Ra. Furthermore, in numerous studies of 
skin-pass rolling with dull roll, it was discussed mainly in conditions of less than 5% reduction. For example, Aoki 
(1979) carried out rolling transcription experiments changing the reduction, the roll roughness and the thickness. 
They reported that the transcribed average roughness on the sheet is dependent on the reduction, the surface 
pressure, the shape factor. However, these results were shown in the low reduction region (<5%), and did not 
commit the behavior in higher reduction region. Regarding numerical prediction of surface texture, some studies 
has been reported. For example, rolling 2D-FEM simulation by using zooming method was studied by Yukawa et 
al. (2008). However, there was no quantitative comparison with the experimental results in this analysis. Die 
compression simulation by using 2D-elastic-plastic FEM was studied by Ike (2007). His conclusion is that the 
frictional force and the angle of the die wedge are important for the surface profile. However, this model was 
simple compression process. In rolling process, there is horizontal relative velocity between roll and material. On 
the other hand, the transcribed individual surface profile by the textured roll in the rolling process has been studied 
in our previous research. In the study, the individual transcribed 3D profiles which are produced by using the 
textured roll with the patterned profile were examined at higher reduction conditions. The predicted profile was 
calculated by pseudo-3D-FEM analysis which is micro forging simulation. However, in this simulation, in order to 
simulate motion of roll surface, the horizontal and the vertical velocities of die ware took into account. Moreover, 
in order to simulate the rolling process, material velocities were calculated by 2D-FEM rolling model. As our 
result, at lower reduction condition, the numerical prediction had good agreement with the experimental results. 
However, there was the discrepancy between them, at higher reduction region. We thought that it is difficult to 
estimate the exact value of the material velocity for 3D problem from the results of 2D-FEM. This 2D/3D problem 
might be caused our ununderstandable results at higher reduction (Fujii et al., 2006, 2007). In this paper, 
comparing with 2D-FEM, the mechanism of rolled transcription at high reduction is discussed with using exact 2D 
experiments. 
 
Fig. 1.  Texture Rolling. 
2. Experiment 
2.1. Experimental conditions 
To simplify the discussion, a work roll with a 2 dimensional ordered patterned surface was used, as shown in 
Fig. 2. A 4-high rolling mill was used in the rolling test. The back-up roll was 300mm in diameter, and the work-
roll was 55mm in diameter. The patterned roll was used as the top work roll, and the bright roll as the bottom work 
roll. The rolled sheet was pure titanium which is 0.59mm in thickness, 30mm in width and about 200mm in length. 
The rolling reductions were changed from 1% to 20%. The surface metal flow on the rolling is complicated, 
because there are both a backward and a forward slip region inside the roll bite. To simplify the surface metal flow, 
compression tests were tried which use the patterned roll without rotation. Experimental conditions are shown in 
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Table1. After the rolling and the compression tests, the transcribed profiles on the surface were measured with a 
laser microscope.  
A. Appearance                                                       B. Cross section 
 
 
 
 
 
 
 
Fig. 2.  Surface shape of channel roll. 
 
Table 1.   Experimental conditions. 
 
 
 
 
 
 
 
2.2. Experimental results 
Regarding the height of the transcribed profile on the sheet surface, in Fig. 3, the relationship between the 
reductions and the height is shown with rolling tests and roll compression tests. The height of transcribed profile 
was strongly dependent on the reduction under about 10%. On the other hand, at over 10%, it seems that the height 
is constant. Moreover, there was no significant difference between the rolling and roll compression tests. From 
these experimental results, it is understood that the height of the transcribed profile is mainly determined by 
compression reduction and there is a minor effect on rolling. 
Typical profiles by the rolling and the roll compression tests are shown in Fig. 4. The center heights of the 
transcribed profile by the rolling test were almost all the same as those by the compression tests. Compared with 
the transcribed profiles, in the 15% reduction, there was no significant difference between them. On the other hand, 
at less than 7% reduction, the transcribed profile by the rolling test has an asymmetrical shape, compared with that 
by the compression test. The transcribed profile by the rolling test was higher on the delivery side. To understand 
these differences, the characteristics of the surface metal flow characteristics by them were studied using FEM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  Relation between rolling conditions and height of transcribed profile.  
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(a)                                                                                           (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  Experimental measured transcribed profiles by rolling and roll compression for (a) reduction: 7% and (b) reduction: 15%. 
3. Numerical simulation 
3.1. Simulation conditions 
The "ABAQUS-standard" in 2D-FEM was used for the simulations of the rolling test and the compression test. 
The rolling model of the 2D-FEM is shown in Fig. 5. The model takes into account work rolls which have the 
same geometrical configuration as the experiment without the backup rolls, and consist of elastic solid elements. 
Typical conditions for the FEM are shown in Table 2. The compression model of the 2D-FEM is shown in Fig. 6. 
Here, to simplify the phenomena, flat dies with a patterned profile were used, instead of rolls. The compression 
simulation has an advantage of simple deformation because there is no relative velocity between the material and 
the roll, such as rolling. For both compression and rolling simulation, the same boundary conditions were applied.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.  2D finite element model of rolling.  
 
 
 
Table 2. Simulation conditions. 
 
 
 
 
 
 
 
Fig. 6.  2D Finite element model of die compression.    
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3.2. Results of 2D-FEM rolling and die compression simulation 
In Fig. 7, the center heights of the transcribed profile on various reductions are shown. The experimental results 
are also shown. The center heights of the transcribed profile were in good agreement with each other. Details of the 
results by the die compression simulation are shown in Fig.8 with a colored map of the equivalent strains. After 
compression, there was no strain at the center where there was no contact between material and die. This means 
that the main deformation regions are the corners of the die convex, and the deformed material moves down to the 
contact region between die and material. This is the reason why there is no significant effect resulting from use of a 
flat die instead of a roll. Finally, for the prediction of transcribed profile, the micro profile of the die is most 
important, and the deformation mode is not so important.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.  Measured and calculated heights by compression and rolling.          Fig. 8.  2D-FEM results of die compression (equivalent strain). 
 
At 7.3% reduction, the transcribed profile is compared with the experimental result and the calculated results 
with the compression and rolling modes in Fig. 9. The transcribed profiles of experiment and numerical simulation 
by rolling were in good agreement with each other. Both shapes were asymmetrical, and the height on the delivery 
side was higher than on the other side. Moreover there was a discrepancy for the calculated transcribed profile by 
compression mode with symmetrical shape. It is considered that this discrepancy comes from a difference in 
deformation mode.  
 
 
 
 
 
 
 
 
 
 
 
                                            
Fig. 9.  Measured and predicted transcribed profiles by rolling and compression (reduction: 7%). 
 
The transcription process by the rolling FEM was examined, in detail. In Fig. 10, the histories of the surface 
deformation with the equivalent strain at each time are shown. For the rolling FEM, the strain increase on the only 
pressed portion by the micro convex portion of the roll. In Fig.11, the histories of the thickness at each point along 
the rolling direction are shown, in order to investigate the formed process of the transcribed profile. Through the 
rolling process, the thickness (䷵䷹) where material is pushed on the convex part of the roll, is just reduced. The 
thickness (䷶) on the delivery side slightly decreases before contact with the convex part of roll (time: 1.44). Just 
after contact of the convex part of the roll on the entry side, the thickness slightly increases (time: 1.44ĺ46). In 
the case of decreasing, material is mainly pushed down by near material on the convex part. In the case of 
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increasing, material is not only pushed down, also is moving to delivery side, horizontally. We thought that this 
increasing is the effect of the macroscopic metal flow associated with the rolling process. From these results, for 
the prediction of transcribed profile, the microscopic shape of the die and the reductions in the process are more 
important. In first order approximation, the process mode such as rolling is not important. Roughly speaking, the 
height of the transcribed profile can be predicted by simple compression simulation. On the other hand, the detail 
of the transcribed profile at lower reduction depends on the process mode. For detailed prediction of the 
transcribed profile by 2D rolling, 2D FEM is required. Of course, regarding the prediction of the transcribed profile 
on real 3D rolling, 3D FEM might be required in order to estimate macroscopic metal flow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Fig. 10.  Positions of evaluated thickness during rolling.                      Fig. 11.  Histories of thickness changing during the rolling. 
4. Conclusion  
To understand the mechanism of transcribed profile by textured roll, the rolled and the compressed transcribed 
profiles were compared by the experiments and the numerical simulations. To simplify the problem, a two-
dimensional textured roll was used, and wide range reduction conditions were applied. The obtained results are 
shown below. 
(1) As for the experimental result, the center height of transcribed profile by the rolling process was the same as 
that by the compression process. However, there were some differences in the detailed transcribed profile 
between two in the lower reduction condition. 
(2) For the height of transcribed profile in the center, the calculated height of the transcribed profile was in good 
agreement with the experimental results for the rolling process. Regarding the history of calculated thickness 
during the rolling at several positions, the thickness of the transcribed profile at the center and at the delivery 
side are monotonously decreasing, but it at the entry side is decreasing and increasing in the lower reduction 
condition. It was thought that the changing of the height transcribed profile at the center and at the delivery 
side in the rolling was mainly caused by simple compression deformation. On the other hand, the detail of 
the transcribed profile at lower reduction depends on the process mode. Regarding the prediction of the 
transcribed profile by 2D rolling experiments, at higher reduction condition, the simple compression process 
is enough good assumption. On the other hand, at lower reduction condition, there are some effects of 
rolling process for detailed prediction of the transcribed profile. 
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